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1. Introduction 
During the week of 2-8 March 1995 a meeting entitled International Conference on Scattered 
Data Fitting was held in Cancun, Mexico. The meeting was attended by 42 researchers from 
Europe and the Americas, and 34 lectures were presented. This special issue of Journal of 
Computational and Applied Mathematics includes 14 papers based on presentations at the confer- 
ence (see the reference list below). 
2. The scattered data problem 
The general data fitting problem can be formulated as follows: 
Definition 2.1. Let ((Pi)}is,y be a set of points in KY’, and let (J;:}i,,, be a corresponding set of real 
numbers. Find a function f such that 
,f(Pi) =f;-, iE.9. 
The nature of this problem depends on several factors, including 
l whether or not $ is a finite set of discrete points, 
l whether the data is exact or subject to measurement errors or noise, 
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l whether the data is regularly spaced (e.g., on a grid or on a set of lines) or irregularly spaced (the 
scattered data case), 
l whether the data points lie in the plane, in R”, or on some manifold in R” (such as the sphere), 
l whether or not there is any statistical information available about the data, 
l what properties we want the fitting function ,f to have, such as smoothness (continuity of the 
function and/or some of its derivatives, or discontinuity along lines or curves), shape properties 
(positivity, monotonicity, convexity, etc.), 
l what use will be made off (whether J‘ has to be evaluated many times, whether derivatives or 
integrals off must be calculated). 
Data fitting problems arise in many areas of science and engineering, including computer-aided 
geometric design, computer vision, geology, meteorology, medical imaging, and robotics. Here we 
focus on scattered data fitting. Many methods have been developed for solving the scattered data 
fitting problem, see [26] for an early survey, and [7] for a comparison of a number of methods 
available in the early 1980s. The proceedings volumes [3, 5, 10, 13, 15, 16, 17, 19,201 and the IMA 
series on The Mathematics of Sur-aces contain many recent papers on scattered data fitting. An 
extensive bibliography on curves and surfaces due to deBoor and Schumaker can be found on the 
web at http://www.cs.wisc.edu/deboor’bib/bib.html. 
There is no standard way to classify the various methods of scattered data fitting. However, some 
of the features which distinguish methods from each other include: 
l whether the method is essentially local, global, or of a multiresolution nature, 
l whether the data values should be interpolated or approximated, 
l whether or not the method should perform in real-time, 
l whether the fitting function is expressed explicitly, implicitly, or procedurely, 
l the nature of the fitting function, for example algebraic functions such as polynomial, piecewise 
polynomial, rational or nonalgebraic functions such as blended functions, radial-basis functions, etc. 
We do not have space here to go into details of the various methods available for data fitting, but 
we would like to make a few remarks about the above concepts. 
A method is called local provided that the value of the fitting function f at a point P depends 
only on data at points which lie near P. A method is called global provided that the value off at 
P depends on all of the data. A multiresolution method produces a fitting function f which is made 
of up a combination of fits at different levels of accuracy (each of which can be either local or global 
in nature). There has been a great deal of recent interest in multiresolution methods and their 
connections with wavelets. 
A method is called explicit if it produces an explicit function f fitting the data which gives the 
value of the fit f(P) at any point P. For an implicit method the value of the fit at a given point 
P must be calculated by solving an equation of the form F (P, f(P)) = 0. In procedural methods, no 
formulae are known, and the value of f(P) is defined only by an algorithm. 
3. Remarks on the papers in this special issue 
The papers [4, 14, 121 use polynomial splines defined over planar triangulations. In the first 
paper, the authors define a new family of C’ macro elements based on the Clough-Tocher splits of 
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triangles. They use higher-degree polynomials on each subtriangle, where the degrees can be varied 
as tension parameters to control the shape of the fits. In [14] the author creates C2 macro elements 
based on the Powell-Sabin split of triangles, and shows that it is possible to construct such 
elements without involving derivatives of order higher than 2. The Powell-Sabin splits are also 
used in [12] to build C’ quadratic splines satisfying certain range restrictions. 
The papers [2, 18, 221 deal with spherical analogs of the classical polynomial spline spaces on 
planar triangulations. The theory is based on spherical barycentric coordinates and corresponding 
spherical Bernstein basis functions. In [2] the authors discuss a number of explicit methods for 
fitting scattered data given at points on the surface of sphere or sphere-like surface. In [lS] the 
same problem is solved using certain spherical hybrid elements. It also includes a discussion of the 
problem of estimating derivatives at points on the sphere. The paper [22] develops properties of 
homogeneous simplex splines and connects them to cone splines and certain spherical simplex splines. 
Both [6] and [25] are concerned with radial basis functions. The first paper presents a method 
for dealing with very large data sets, while the second one focuses on theoretical properties of 
operators defined on sets of radial basis functions. 
In [8] the authors develop a moving least-squares fitting method based on local multiquadric 
blending functions which can be used for very large data sets. Shape preservation of axially 
symmetric surfaces defined by scattered data is treated in [24], while [23] deals with the problem of 
detecting faults in surfaces on the basis of scattered data. 
The methods described in [9] apply to Hermite data given on a regular grid of points in 
a triangle, and produce a single polynomial interpolant. The paper [l l] deals with orthogonal 
distance regression, i.e., minimizing a sum of the squares of distances between the given data points 
and a surface defined by a set of parameters. An appropriate optimization process is used to 
determine the best parameters. 
Although the paper [21] does not deal directly with scattered data interpolation, it nicely 
illustrates the idea of a multiresolution analysis. In particular, it shows how to use wavelet packets 
in a parallel processing environment. 
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